Anti-N-methyl-D-aspartate receptor (NMDAR) encephalitis is one of the most common autoimmune encephalitis that presents with a wide variety of movement disorders. The purpose of our study is to review the manifestations and duration of movement disorders in different ages with NMDAR encephalitis.
Introduction
Anti-N-methyl-D-aspartate receptor (NMDAR) encephalitis is one of the most common autoimmune encephalitis. It is also a treatable and reversible disease and has received much attention in the past 10 years. [1, 2] It predominantly affects young women with or without ovarian teratoma. [3] The clinical manifestations of anti-NMDAR encephalitis have a multistage course [4, 5] : the prodromal phase includes nonspecific symptoms of headache, fever, vomiting, and general malaise, followed by a neuropsychiatric phase presenting with unusual manifestations, agitation, delirium, or acute psychotic changes. If the disease persists without proper diagnosis or treatment, the patients can deteriorate rapidly with language impairment; memory or cognitive impairment; and decreased responsiveness accompanied by hyper or hypokinetic movement disorders such as catatonia, dystonia, and chorea. Patients may also have seizures, which can be difficult to treat and refractory to anti-epileptic medications unless the underlying disease has been appropriately treated. Some patients may develop autonomic and breathing instability or even death if there is delayed treatment or treatment failure. [5] [6] [7] [8] The major clinical manifestations between adults and toddlers suffering from anti-NMDAR encephalitis are different. [9, 10] Psychiatric symptomatology and memory impairment is more prominent in adults, whereas abnormal behavior, movement disorders, and seizure are more frequently observed in children. [4, 8, 11, 12] Movement disorders are a prominent feature of autoimmune encephalitis, particularly in anti-NMDAR encephalitis. [13, 14] For patients with anti-NMDAR encephalitis, they may also present with a wide variety and combination of movement disorders. [4, 12, 13] In Dale's series, patients with anti-NMDAR encephalitis are more likely to present with stereotyped and preserved movements that are less commonly observed in other encephalitis, whereas tremor and akinesia were more dominant in other encephalitis such as basal ganglion encephalitis [13] ; however, there are limited data in the literature discussing the movement disorders of anti-NMDAR encephalitis in different age groups, the duration of these disorders, and the treatment response. [4] Therefore, the purpose of our study is to investigate the differences in clinical manifestations and duration of the movement disorders between different age groups after treatment with the aim of aiding early diagnosis and treatment of this challenging disease.
Methods

Patients
A retrospective cohort of 28 patients with positive cerebrospinal fluid (CSF) anti-NMDAR antibody in a 5-year period from major hospitals in Taiwan was enrolled for analysis. They were categorized into 3 age groups: 10 years, 10 to 18 years, and >18 years according to previous experience and study that maturation of dopamine receptor levels may be possibly related to different movement disorders. The demographic data and manifestations of movement disorders were collected and analyzed. The movement disorder phenomenology is discussed according to the recognized terminology, which includes tremor, choreoathetosis, catatonia, dystonia, ballism, and orofacial-lingual dyskinesia (OFLD), and was evaluated by pediatric neurologists. A modified Rankin scale (mRS) was used to evaluate the disease severity and neurological outcome before and 6 months after treatment. The institutional review board of National Taiwan University Hospital had approved the retrospective study.
Statistical Analysis
The frequency of movement disorders, duration of treatment response, and outcomes were collected and compared between the groups. The Fisher exact tests for categorical variables and Mann-Whitney tests were used to compare groups. P < 0.05 was considered statistically significant. All statistical analyses were performed using Stata 13 (StataCorp. 2013. Stata Statistical Software: Release 13; StataCorp LP, College Station, TX).
Results
Demographic data
A total of 28 patients (20 females and 8 males) with ages ranging from 8 months to 38 years (mean age 15.4 ± 8.8 years, median 15 years) were enrolled. Among these patients, 7 were <10 years old (mean age 4.0 ± 2.8 years, median 3.1 years), 14 patients were within the 10 to 18 years range (mean age 14.6 ± 1.8 years, median 14.5 years), and 7 patients were >18 years old (mean age 26.7 ± 6.4 years, median 23). There were no associated tumors in patient aged 10 years and male patients. Only female patients aged >10 years had associated ovarian tumors, including 4 patients (29%) in 10 to 18 years range and 3 (43%) in those aged >18 years (Table 1) .
Features of movement disorders
A summary of the movement disorders in different age groups is summarized in Table 1 and Fig. 1 . Nearly all patients (n = 27/28, 96%) in our study presented with at least 2 types of movement disorders, including OFLD (n = 20, 71%), catatonia (n = 19, 68%), tremor (n = 11, 39%), bradykinesia (n = 11, 39%), dystonia (n = 11, 39%), choreoathethosis (n = 9, 32%), and ballism (n = 3, 11%). Only 1 female patient who was 6 years old presented with isolated periodic choreoathethosis without other movement disorders. The most common manifestations of movement disorders in children aged <10 years were choreoathetosis (86%) and OFLD (71%), followed by tremor (29%), dystonia (29%), and catatonia (29%). Catatonia (86%) was the most common feature in children of age 10 to 18 years, followed by OFLD (71%), bradykinsesia (57%), tremor (43%), dystonia (43%), choreoathetosis (14%), and ballism (14%). In contrast, OFLD (71%) and catatonia (71%) were more common in those aged >18 years, followed by tremor (43%), bradykinesia (43%), dystonia (43%), choreoathetosis (14%), and ballism (14%). Only patients aged >10 years had manifestations of ballism and bradykinesia. The manifestations of movement disorders did not reveal a statistically significant difference between the 10 to 18 years group and the group aged >18 years. We attempted to investigate whether there was any statistically significant difference between patients aged 10 years and patients aged >10 years, and found that the hyperkinetic movements of choreoathetosis (n = 6/7, 86%) was significantly more common in patients aged 10 years as compared with those aged >10 years (P = 0.001). In contrast, the hypokinetic movements of catatonia and bradykinesia were significantly more common in patients aged >10 years as compared with those aged 10 years (P = 0.020; Table 1 ). OFLD, a striking feature with stereotypical pouting and chewing oral movements as well as a repetitive grimacing face, was commonly observed in all age groups (71%) without statistically significant differences (Table 1) .
Treatment and outcomes
A total of 11 out of 21 (52%) patients aged >10 years required intubation and ventilator support due to autonomic dysfunction and severe dystonia before treatment. They included 7 (50%) patients in the 10 to 18 years group and 4 (57%) patients in the >18 years group. No patients aged <10 years needed ventilator support during hospitalization. Among patients requiring 95: 37 Medicine respiratory support, most are female (n = 8/11, 73%) and 6 of them also had associated tumors. Therefore, 6 out of 7 patients with associated tumors required intubation (n = 6/7, 86%). Nearly all patients (n = 27, 96%) had received 5 days of steroid pulse therapy as the first-line treatment. Of these, more than half of the patients (n = 18, 64%) still required intravenous immunoglobulin treatment after steroid therapy. Only 7 patients (25%) received plasmapheresis during the entire clinical course and only 1 was aged 10 years. Among second-line therapies, cyclophosphamide (n = 13, 46%) was more commonly used than rituximab (n = 10, 36%). Approximately 25% (n = 7) of patients received both cyclophosphamide and rituximab, and all of these patients were female. A total of 6 out of these 7 patients were aged >10 years and only 1 was aged 10 years. There was no mortality in our study. Approximately 25% (n = 7/28) of female patients had associated ovarian tumors, and all had received tumor resection after diagnosis of the tumor. One patient had symptom relapse twice with tumor recurrence during the followup period and received bilateral oophorectomy due to disease progression. In those with tumors, nearly all (n = 6/7, 86%) had to receive at least 1 of the second-line therapies, and 3 patients (n = 3/7, 43%) had to use 2 second-line therapies.
We then used mRS to evaluate the disease severity before and 6 months after treatment. Disease severity was reported mild for mRS of 0 to 1, moderate for 2 to 3, and severe for 4 to 5. The mean mRS before treatment was 4.1 ± 1.2, which decreased to 0.7 ± 1.2 after treatment. The mean mRS before treatment in patients aged <10 years was significantly lower than that in those aged >10 years (3.4 ± 0.8 vs 4.3 ± 0.8, P = 0.044). There was no significant difference in mRS at 6 months after treatment for patients aged >10 years and those aged <10 years (P = 0.13).
In female patients with tumors (n = 7), only 1 patient's initial disease severity was moderate (mRS = 3) and the remaining 6 patients were all severe (mRS = 5); however, after treatment, including tumor removal, 3 patients had symptoms that completely resolved with an mRS of 0, 1 had minimal symptoms with an mRS of 1, 1 had moderate symptoms with an mRS of 3, and the remaining 2 patients had severe sequelae with an mRS of 4. In patients aged >10 years without tumors (n = 14), 1 patient's initial symptoms were mild, 3 were moderate, and 10 were severe before treatment. Six months after treatment, 9 had an mRS of 0, 4 had an mRS of 1, and 1 had an mRS of 2. Therefore, in our series, the short-term outcome was better for those without tumors than for those with tumors (P = 0.014). Characteristics of anti-NMDAR encephalitis patients: demographic data, movement disorders manifestation and treatment protocols. In patients aged <10 years, 4 patients' initial mRS was 4, 2 patients' mRS was 3, and the remaining 1 was 1 before treatment. A total of 6 months after treatment, only 2 patients had minimal symptoms with mRS of 1 and the other 5 were 0.
Duration of different movement disorders
The duration of movement disorders in anti-NMDAR encephalitis was different in different age groups (Table 2) . Compared with patients aged <10 years, OFLD and catatonia last significantly longer in patients aged >10 years (0.68 ± 0.47 vs 1.49 ± 1.60, 0.11 ± 0.20 vs 1.96 ± 2.40; P = 0.047 and 0.002, respectively). Only 2 cases aged <10 years had catatonia, and both last for <2 weeks. In contrast, the duration of choreoathetosis is significantly longer in patients aged <10 years compared with that in those aged >10 years (1.93 ± 1.72 vs 0.20 ± 0.60, P = 0.038). Only patients aged >10 years had bradykinesia and ballism (2.27 ± 1.92 and 0.67 ± 0.24 months, respectively). There was no statistically significant difference in the duration of tremor in both groups. Although there was also no statistically significant difference in the duration of dystonia, there is a trend for dystonia lasting longer in patients aged >10 years.
Of these movement disorders, bradykinesia and catatonia last significantly longer than ballism and choreoathetosis in patients aged >10 years; however, in patients aged <10 years, choreoathetosis lasts significantly longer than other movement disorders (1.93 ± 1.72 months, P < 0.05).
Discussion
Movement disorders have been reported in anti-NMDAR encephalitis in both adults and children, with prevalence rates of 86% and 84%, respectively. [4, 5, 11, 12, 14] According to a Spanish cohort study, all children with anti-NMDAR encephalitis had involuntary movements, and these movements were present in 30% of patients at the time of presentation. [11] Our study illustrated that all patients with anti-NMDAR encephalitis had a broad array of movement disorders, and nearly 70% of patients presented with at least 2 different features such as OFLD, tremor, catatonia, dystonia, bradykinesia, ballism, and choreoathetosis. [4] The most common movement disorder in our study was OFLD. Approximately 71% (n = 20/28) of the patients presented with this manifestations and had a similar proportion in children, adolescents, and adults. This feature was also the most common feature in previous studies with 85% in adults and 45% reported in children. [12, 13] OFLD has previously been established as a paraneoplastic immune-mediated neurological disorder, mostly occurring in patients with ovarian tumors, and may also occur without a detectable tumor. [15, 16] In our study, only 25% (n = 7/28) of female patients aged >10 years had associated ovarian tumors. Although there was no associated tumor in patients 10 years old, OFLD was still the most prominent feature in this age group (71%, n = 5/7). Previous hypothesis of paraneoplastic immunemediated mechanisms for OFLD reminds us that patients with this feature need to be followed up seriously for possibility of associated tumor. Various neurochemical hypotheses have been proposed for the development of OFLD, including hypersensitivity of the dopaminergic system, the instability between dopamine and cholinergic systems, impairments of striatonigral GABAergic neurons, and excitotoxicity. [17] According to recent reports, the anti-NMDAR antibodies may reversibly suppress the gathering of the NMDA receptors on cell membrane. Therefore, the inhibition of the NMDA receptors on presynaptic GABAergic interneurons by antibodies may decrease the release of GABA. This may cause the loss of inhibition of postsynaptic glutamatergic transmission and massive release of glutamate in the prefrontal/subcortical areas. Therefore, loss of fronto-striatal inhibition, or loss of cortico-limbic control over the hypothalamus and brainstem, may play a role. [13] Our study also showed that approximately 86% (n = 6/7) of patients aged 10 years had choreoathetosis, but only 3 patients (14%, n = 3/21) aged >10 years had choreoathetosis. Eight of them presented with persistent choreoathetosis, whereas 1 patient, who was 6 years old, presented with isolated symptoms of periodic athetosis without other associated movement disorders; the athetosis lasted for only 2 weeks. Therefore, choreoathetosis may also present periodically in anti-NMDAR encephalitis. In contrast, there were no patients aged 10 years presenting with bradykinesia and only 2 patients presenting with catatonia, whereas in patients aged >10 years, catatonia and bradykinesia were the most prominent movement disorders. Neurological diseases affecting the basal ganglia, wherein the expression of NR1/NR2 receptors and D1,D2 receptors is relatively high, may cause failure to facilitate desired movements causing bradykinesia, or failure to inhibit undesired movements causing hyperkinetic movements such as chorea. [11, [18] [19] [20] [21] Specific types of movement disorders may represent dysfunction of particular localized regions of the brain. [20, 22, 23] Chorea, particularly dominant in children with anti-NMDAR encephalitis, typically occurs in patients with injury to the subthalamic nucleus, but it can also develop in patients with widespread cerebral injury. [4, 24] In contrast, bradykinesia most likely occurred with injury to the substantia nigra or striatum, which may result in presynaptic or postsynaptic failure of dopaminergic transmission. [18, 25] Therefore, dysfunction in basal ganglioncortical loops due to anti-NMDAR antibodies might lead to different movement disorders in different patients. Furthermore, the densities of D1 and D2 receptors may decrease with increasing age and may be distributed heterogeneously within the brain; the developmental changes of dopaminergic receptors may possibly lead to the different presentations of movement disorders in different age groups. [21, 26, 27] Catatonia, one of the specific features in anti-NMDAR encephalitis, increases with age from childhood to adolescence to adulthood and is caused by impairment of the cortical GABA-ergic system. [28] Furthermore, the reduction of the D1 and D2 receptors with increasing age potentially causes catatonia. [29] Although the exact pathogenic mechanisms for different movement disorders remain unknown, we speculate that it might be related to different levels of the receptor distribution, variation of receptor sensitivity, dysfunction of different regions of basal ganglion at different ages, or an age-dependent reduction in dopamine receptors. [26, 27] Nearly all of the patients had good treatment response to immunotherapy with either the single first-line therapy or with a combination of both the first and second-line treatments. Although different movement disorders took variable times to recover, there were no statistically significant differences between the age groups studied. In our study, we observed that some older patients (>10 years) had more severe movement disorders and needed to be treated more aggressively than patients in younger age groups; however, all patients improved after second-line immunotherapy with both cyclophosphamide and rituximab. Only 1 patient relapsed during the follow-up. Rituximab reacts with B cells leading to B cell depletion, which then downregulates the antigen-presenting cells and cytokine-producing cells participating in the immune response. [30] Cyclophosphamide can modulate the immune system by reacting with both B and T cells. Therefore, in severe and refractory cases, second-line therapy with both rituximab and cyclophosphamide may provide higher efficacy than monotherapy with either cyclophosphamide or rituximab alone. [31, 32] Previous studies have shown that female patients with ovarian tumors had better outcomes and good responses to the immunotherapy after tumor removal [5, 9] ; however, our study found that female patients with ovarian tumors did not actually have favorable short-term outcomes or good responses to treatment compared with other without tumors. They had severe initial presentations and had more chances to receive second-line therapy than male patients. Furthermore, the only relapsed patient in our study was a single female patient with a teratoma, and she still had moderate residual symptoms with an mRS of 3 after tumor removal and bilateral oophorectomy.
Ovarian tumors are more common in female patients aged >10 years with an incidence of 58%, 31%, and 15%, for patients aged >18, <18, and <14 years, respectively, but is less common in patients aged <10 and in male patients. [3, 5, 33] Although the exact mechanism remains unknown, we speculate that the hormonal effect in reproductive females secondary to the estrogenic signaling in the development of ovarian teratoma might have some correlation with it. [34] With the possible hormonal effects, in anti-NMDAR encephalitis, paraneoplastic tumor seemed to be more prominent in the reproductive-female age groups, and became less observed in the nonreproductive groups and male patients. [35] [36] [37] However, because our case number is small, it is difficult to conclude whether the hormone has a possible effect upon gender difference in NMDAR encephalitis.
Conclusion
Anti-NMDAR encephalitis is a treatable and reversible disease if diagnosed early, and the treatment response largely depends on the timing of the treatment plan. [2, 15, 36, 37] Although OFLD was prevalent in both age groups, it lasts longer in patients aged >10 years. In contrast, patients aged 10 years tended to have choreoathetosis, while patients aged >10 years tended to have catatonia and bradykinesia. Our study also provided more information about the duration of different movement disorders, thereby helping clinicians gain confidence in the management of the disease.
